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We study the implications of the recent measurements of RK and RK∗ by the LHCb collaboration.
We do that by adopting a model-independent approach based on the Standard Model Effective
Field Theory (SMEFT), in which the dominant new physics effects are encoded in the coefficients of
dimension-six operators respecting the full Standard Model (SM) gauge symmetry. After providing
simplified expressions for RK and RK∗ , we determine the implications of the recent LHCb results for
these observables on the coefficients of the SMEFT operators at low and high energies. We also take
into account all b→ s`` data, which combined lead to effective New Physics (NP) scenarios with SM
pulls in excess of 5 σ. Thus the operators discussed in this paper would be the first dimension-six
terms in the SM Lagrangian to be detected experimentally. Indirect constraints on these operators
are also discussed. The results of this paper transcend the singularity of the present situation, and
set a standard for future analyses in b → s transitions when the NP is assumed to lie above the
electroweak scale.
I. INTRODUCTION
An absolute priority in particle physics is to detect
and to measure the effects of dimension-six terms in the
SM effective Lagrangian, which according to our current
understanding must be there if the SM is only valid up to
a physical cut-off scale Λ > µEW, where µEW is the scale
of electroweak physics. These effects will be suppressed
by a factor µ2EW/Λ
2, so if Λ is very large, we need to
choose wisely where to look.
In this sense, one of the most important features of
the SM is lepton-flavour universality (LFU), the interac-
tions between gauge bosons and leptons being exactly the
same for different lepton families. This central prediction
can be easily modified by dimension-six terms, and can
be tested precisely by measuring observables such as the
RK(∗) ratios, defined as [1]
RK(∗) =
Γ(B → K(∗)µ+µ−)
Γ(B → K(∗)e+e−) , (1)
measured in specific dilepton invariant mass squared
ranges q2 ∈ [q2min, q2max]. In the absence of large LFU-
violating NP, hadronic uncertainties cancel to very good
approximation in these ratios, which become robust tests
of the SM. Up to lepton-mass effects, these ratios should
be very approximately equal to one in the absence of
LFU-violating new physics.
In 2014 the LHCb collaboration reported a measure-
ment of the ratio RK in the region [1, 6] GeV
2 [2], find-
ing a value significantly lower than one. Very recently, a
similar measurement of the ratio RK∗ [3] in two q
2 bins
indicates a similar violation of LFU:
RK = 0.745
+0.090
−0.074 ± 0.036 , q2 ∈ [1, 6] GeV2 ,
RK∗ = 0.660
+0.110
−0.070 ± 0.024 , q2 ∈ [0.045, 1.1] GeV2 ,
RK∗ = 0.685
+0.113
−0.069 ± 0.047 , q2 ∈ [1.1, 6.0] GeV2 . (2)
When these experimental results are compared to their
SM predictions [4],
RSMK = 1.00± 0.01 , q2 ∈ [1, 6] GeV2 ,
RSMK∗ = 0.92± 0.02 , q2 ∈ [0.045, 1.1] GeV2 ,
RSMK∗ = 1.00± 0.01 , q2 ∈ [1.1, 6.0] GeV2 , (3)
one concludes that the LHCb measurements represent
deviations from the SM at the 2.6σ level in the case of
RK , 2.2σ for RK∗ in the low-q
2 region, and 2.4σ for RK∗
in the central-q2 region.1 Recent studies analysing these
new measurements in terms of NP models and the Weak
Effective Theory (WET) can be found in Refs. [7–12].
Also recently, the Belle collaboration found slight dif-
ferences between the electron and muon channels in their
lepton-flavour-dependent (but isospin averaged) angular
analysis of B → K∗`+`− [13], most notably in the pi-
oneering measurement of the clean observables Q4 and
Q5 [14]. Although the individual statistical significance
of these discrepancies is not sufficient to claim the dis-
covery of LFU violation (LFUV), their combination con-
stitutes an intriguing set of anomalies.
New physics causing LFUV in these ratios would be
expected to manifest itself also in b → s`+`− (` = µ
1 An important issue in these observables is related to electromag-
netic effects. Given the experimental treatment, the residual
theory error has been estimated to be of O(1%) in Refs. [5, 6].
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2or e) decay observables such as branching ratios and an-
gular distributions. Interestingly, current data on b →
sµ+µ− transitions show departures with respect to the
SM predictions too [15–17], which are consistent with the
anomaly in RK [18–20]. Global analyses of b → sµ+µ−
data within the WET hint to new physics scenarios that
can accommodate also the observed LFUV in RK and
RK∗ [4, 21, 22].
Many models have been proposed to address the b→ s
anomalies (including RK). These models involve a Z
′
boson from an extended gauge group [23–58], lepto-
quarks (or R-parity violating supersymmetry) [57, 59–
81], a massive resonance from a strong dynamics [82–86]
or Kaluza-Klein excitations [87–90]. Refs. [91–94] have
explored renormalizable models that explain RK at the
one-loop level, while the MSSM with R-parity conserva-
tion was considered in Ref. [95].
In this work we interpret the new LHCb indications
of LFUV in a model-independent way using the SMEFT
[96, 97]. This framework provides the most general de-
scription once we assume that the SM is valid at low
energies and the NP decouples at a scale much higher
than the EW scale. The interpretation in terms of the
SMEFT allows for a more transparent connection to pos-
sible ultraviolet (UV) scenarios as it incorporates the full
electroweak gauge symmetry (see for instance [18]). We
point out that the difference with respect to the analyses
of Refs. [98–101] is that here we do not assume that only
operators with third generation fermions are generated,
or any underlying flavour symmetry.
We will start by providing simplified analytical expres-
sions for the observables of interest, as well as for the
SMEFT Wilson coefficients (WCs) at low and high en-
ergies. These expressions can be of great value to guide
the model building efforts. With these expressions at
hand, we determine the implications of the LHCb mea-
surements, not only on the coefficients of the SMEFT
operators at low energies, but also on their values at
the high-energy scale where they are generated by the
decoupling of some unknown heavy degrees of freedom.
For this purpose we will make use of DsixTools [102], a
Mathematica package for the handling of the dimension-
six SMEFT [102], which implements the complete one-
loop Renormalization Group Equations (RGEs) of the
SMEFT. This package will also allow us to consider the
generation of other (unwanted) effective operators at low
energies due to the RGE evolution of the SMEFT oper-
ators and find which of these imply relevant constraints
on the scenarios that explain the LHCb measurements.
The rest of this letter is organized as follows: in Sec. II
we introduce the relevant SMEFT and WET operators.
In Sec. III we find simple analytical expressions for the
RK and RK∗ ratios. In Sec. IV we analyse the im-
plications of the LHCb measurements and identify the
SMEFT scenarios that can accommodate them. RGE ef-
fects from the high-energy scale of the new dynamics to
the electroweak scale are discussed in Sec. V. Finally, we
conclude and discuss further implications in Sec. VI.
II. EFFECTIVE FIELD THEORY
At energies relevant for the B-meson decays, NP ef-
fects can be described generically in terms of the Weak
Effective Theory (WET). Semileptonic b→ s transitions
involve the effective weak Hamiltonian
Heff ⊃ −4GF√
2
α
4pi
λsbt
∑
i
CiOi , (4)
where λijt = V
∗
tiVtj , with V the Cabibbo-Kobayashi-
Maskawa (CKM) matrix, and λsbt ∼ −0.04 [103]. The
most relevant operators for the present purpose are the
semileptonic operators
O9 = (s¯γαPLb)(¯`γα`) , O′9 = (s¯γαPRb)(¯`γα`) ,
O10 = (s¯γαPLb)(¯`γαγ5`) , O′10 = (s¯γαPRb)(¯`γαγ5`) ,
and the dipole operator
O7 = mb
e
(s¯σαβPRb)F
αβ ,
with mb the b-quark mass and F
αβ the electromagnetic
field-strength tensor.
Assuming that the SM degrees of freedom are the only
ones present below a certain mass scale ΛMW where
NP decouples, one can describe deviations from the SM
in a general way using the SMEFT. Dominant NP effects
in b → s transitions are expected to be parametrized by
effective operators of canonical dimension six
LSMEFT ⊃ 1
Λ2
∑
k
CkQk . (5)
Here Ck are the Wilson coefficients of the dimension-six
Qk operators. In this letter we will adopt the so-called
Warsaw basis for the dimension-six operators [97].
One can match the SMEFT operators onto the opera-
tors in Eq. (4). The relevant matching conditions at the
EW scale µEW ∼ O(MW ) are given by [18, 104] (with
a = e, µ):
CNP9a =
pi
αλsbt
v2
Λ2
{[C˜(1)`q ]aa23 + [C˜(3)`q ]aa23 + [C˜qe]23aa} ,
CNP10a = −
pi
αλsbt
v2
Λ2
{[C˜(1)`q ]aa23 + [C˜(3)`q ]aa23 − [C˜qe]23aa} ,
C′9a =
pi
αλsbt
v2
Λ2
{[C˜`d]aa23 + [C˜ed]aa23} ,
C′10a = −
pi
αλsbt
v2
Λ2
{[C˜`d]aa23 − [C˜ed]aa23} . (6)
We point out that in these expressions we have only
included operators that can give rise to LFUV. These
matching conditions are also summarized in Table I,
where the operators of the SMEFT are defined. We also
3SMEFT operator Definition Matching Order
[Q
(1)
`q ]aa23
(
¯`
aγµ`a
)
(q¯2γ
µq3) O9,10 Tree
[Q
(3)
`q ]aa23
(
¯`
aγµτ
I`a
) (
q¯2γ
µτ Iq3
) O9,10 Tree
[Qqe]23aa (q¯2γµq3) (e¯aγ
µea) O9,10 Tree
[Q`d]aa23
(
¯`
aγµ`a
) (
d¯2γ
µd3
) O′9,10 Tree
[Qed]aa23 (e¯aγµea)
(
d¯2γ
µd3
) O′9,10 Tree
[Q
(1)
ϕ` ]aa
(
ϕ†i
←→
D µϕ
) (
¯`
aγ
µ`a
) O9,10 1-loop
[Q
(3)
ϕ` ]aa
(
ϕ†i
←→
D Iµϕ
) (
¯`
aγ
µτ I`a
) O9,10 1-loop
[Q`u]aa33
(
¯`
aγµ`a
)
(u¯3γ
µu3) O9,10 1-loop
[Qϕe]aa
(
ϕ†i
←→
D µϕ
)
(e¯aγ
µea) O9,10 1-loop
[Qeu]aa33 (e¯aγµea) (u¯3γ
µu3) O9,10 1-loop
TABLE I. List of relevant operators (see Ref. [97] for defi-
nitions) that contribute to the matching to C(′)9,10, either at
tree-level or through one-loop running. The index a = µ, e
denotes the flavour of the lepton.
show in this table the operators that contribute via one-
loop running, but leave out a few others that contribute
finite terms to the matching. Here we implicitly assume
that the Wilson coefficients CNP9µ , C˜(1)`q , etc., are defined
at the matching scale µEW, i.e. CNP9µ ≡ CNP9µ (µEW), etc.
The tilde over the SMEFT Wilson coefficients denotes
that they are given in the fermion mass basis (see Ap-
pendix A).
The dipole operator O7 receives tree level match-
ing contributions from [QdB ]23 = (q¯2σ
µνd3)ϕBµν and
[QdW ]23 = (q¯2σ
µνd3)τ
IϕW Iµν , both dipole operators of
the SMEFT [18, 104]. Assuming that the underlying UV
model is a weakly coupled gauge theory, all the operators
in Table I contributing to O(′)9,10 are potentially generated
at tree-level by the new physics [105]. In contrast, the
SMEFT dipole operators contributing to O7 would be
loop-generated [105].
III. FORMULAS FOR RK AND RK∗
For the phenomenological discussion we derive approx-
imate formulas for RK and RK∗ in terms of the relevant
WCs. These formulas are obtained with the same ap-
proach as Ref. [4], but neglecting terms that are not im-
portant for the present discussion, and linearising in the
NP coefficients. We find:
[RK ][1,6] ' 1.00(1) + 0.230(CNP9µ−e + C′9µ−e)− 0.233(2)(CNP10µ−e + C′10µ−e) ,
[RK∗ ][0.045,1.1] ' 0.92(2) + 0.07(2)CNP9µ−e − 0.10(2)C′9µ−e − 0.11(2)CNP10µ−e + 0.11(2)C′10µ−e + 0.18(1)CNP7 ,
[RK∗ ][1.1,6] ' 1.00(1) + 0.20(1)CNP9µ−e − 0.19(1)C′9µ−e − 0.27(1)CNP10µ−e + 0.21(1)C′10µ−e . (7)
All WCs in (7) are assumed to be defined at the µb ∼
4.8 GeV scale. The notation CNP9µ−e ≡ CNP9µ − CNP9e (and
similarly for the other WCs) has been used. We have lin-
earised the dependence with respect to the WCs in these
formulas, assuming that contributions from dimension-
eight SMEFT operators interfering with the SM as well
as contributions from dimension-six SMEFT operators
squared are both negligible.2
Semileptonic four-fermion operators enter in these for-
mulas in combinations µ − e to very good accuracy, so
2 Some of our results will be presented using the exact formulas,
without linearising in the NP coefficients. In these cases we are
neglecting the effect of dimension-eight SMEFT operators inter-
fering with the SM.
that they will source LFUV effects only when the val-
ues of these coefficients differ for muons and electrons.
The dipole operator O7 is relevant in the low bin of
RK∗ , where it enters due to lepton mass effects. For
[RK ][1,6] and [RK∗ ][1.1,6] these formulas are in reason-
ably good agreement with those in [19]. The scalar op-
erators in the WET O(′)S = mb(s¯PR,Lb)(¯`` ) do not en-
ter in these formulas since they do not interfere with
the SM. Contributions from the pseudo-scalar operators
O(′)P = mb(s¯PR,Lb)(¯`γ5`) and the chirality-flipped dipole
operator O′7 = mb/e(s¯σαβPLb)Fαβ to these ratios are
found to be very suppressed and are therefore not in-
cluded in (7).
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FIG. 1. Predictions for RK and RK∗ as a function of the
SMEFT Wilson coefficient C(1)`q with Λ = 30 TeV. The experi-
mental ranges for RK and RK∗ at 95% CL are also shown for
comparison.
IV. EXPLAINING LHCB MEASUREMENTS
We investigate the implications of the LHCb mea-
surements by considering the measured 95% confidence
level (CL) intervals [RK∗ ][0.045,1.1] ∈ [0.517, 0.891] and
[RK∗ ][1.1,6] ∈ [0.530, 0.935] [3]. For RK we take the ex-
perimental measurement in [2] and symmetrize the error,
adding statistical and systematic errors in quadrature,
obtaining RK ∈ [0.57, 0.93] at 95% CL.
We consider only one or two of the relevant SMEFT
operators at a time, and analyse which of these scenarios
are able to accommodate the measurements of RK and
RK∗ . The SMEFT WCs are now assumed to be defined
at the EW scale.
We start with single-operator scenarios. Note that
the effect of the dipole operator O7 on the low-q2 bin
of RK∗ is very small given the bound it receives from
b → sγ transitions (−0.05 . CNP7 . 0.08 at 3σ [4]). The
deviations from the SM in these three observables must
then be caused mainly by the four-fermion semileptonic
operators of the WET. The only possibility to accom-
modate the data with a single operator is:
I C(1,3)`q → CNP9µ−e = −CNP10µ−e : these scenarios accom-
modate the experimental measurements of RK and RK∗
for CNP9µ−e . −0.2, corresponding to C(1,3)`q & 0.3 with
Λ = 30 TeV, see Figure 1.
All the other operators fail:
----------
-� -� � � � �
-�
-�
�
�
�
FIG. 2. Constraints on the SMEFT Wilson coefficients C(1)`q and
C`d with Λ = 30 TeV, assuming no NP in the electron modes.
The individual constraints from RK and RK∗ at the 3σ level are
represented by filled bands. The combined fit to RK and RK∗
is shown in blue (1,2 and 3 σ contours). The result of a global
fit with all b→ s`+`− data included in [7] is shown in a similar
way as red dashed contours.
I C`d → C′9µ−e = −C′10µ−e : gives rise to RK∗ > 1 in the
central-bin when RK < 1. RK∗ in the low-bin is also
above the experimental range when RK < 1.
I Ced → C′9µ−e = C′10µ−e : has a very small effect on RK .
For reasonable values of the WC it holds RK ' RSMK .
Furthermore when RK∗ < 1 in both bins, RK > 1.
I Cqe → CNP9µ−e = CNP10µ−e : has a very small effect on RK .
For reasonable values of the WC it holds RK ' RSMK .
We now consider two-operator scenarios. In this case
it is possible to accommodate the hints of LFUV in RK
and RK∗ with:
I C(1,3)`q , Cqe → CNP9µ−e , CNP10µ−e
I C(1,3)`q , C`d → CNP9µ−e = −CNP10µ−e , C′9µ−e = −C′10µ−e
I C(1,3)`q , Ced → CNP9µ−e = −CNP10µ−e , C′9µ−e = C′10µ−e
I C(1)`q , C(3)`q → CNP9µ−e = −CNP10µ−e
The bounds obtained for the WCs in the scenario
of C(1)`q and C`d are shown in Figure 2 for illustration,
5assuming no NP in the electron modes.3 The situation
would be the same if we replace C(1)`q by C(3)`q . In order
to accommodate the anomalies one needs a positive
NP contribution to C(1)`q . The bound obtained on C`d
arises because the measurements are compatible with
[RK∗ ]central/RK ' 1 and this double ratio is mainly
sensitive to C`d.4
The following scenarios with two operators fail to
accommodate the data with reasonable values of the
WCs:
I Cqe , C`d → CNP9µ−e = CNP10µ−e , C′9µ−e = −C′10µ−e :
within this scenario it is not possible to accommodate
both RK∗ and RK simultaneously.
I C`d , Ced → C′9µ−e , C′10µ−e : again, it is not possible to
accommodate both RK∗ and RK simultaneously.
I Cqe , Ced → CNP9µ−e = CNP10µ−e , C′9µ−e = C′10µ−e : this
scenario cannot generate the needed deviation on RK .
In summary, the explanation of the RK and RK∗
anomalies within the SMEFT at the level of dimension-
six operators requires the presence of C(1)`q and/or C(3)`q .
It is remarkable that, besides the hints of LFUV in
b → s`+`− transitions, a series of anomalies have also
been observed in b→ sµ+µ− [4, 21, 22]. A plausible sce-
nario is that the NP enters mainly through muons, thus
explaining the deviations from the SM in b → sµ+µ−
and the observation of LFUV when comparing muon and
electron decay modes. We will adopt this hypothesis in
the following.
We notice that all the viable explanations of the RK
and RK∗ anomalies considered in Section IV provide a
good fit of the b → sµ+µ− data [4, 21, 22]. This ob-
servation is non-trivial given that a large fraction of the
b → sµ+µ− decay observables included in these global
analyses probe different combinations of the WCs in gen-
eral. Note also that having only the operator CNP9µ of the
WET, which alone provides a very good fit of b→ sµ+µ−
data, requires at least two SMEFT operators of the War-
saw basis, C(1)`q (or C(3)`q ) and Cqe. Other benchmark sce-
narios of the WET that provide a good fit, for instance
CNP9µ = −C′9µ, CNP10µ = C′10µ are more involved to realize
within the SMEFT due to the constraints imposed by
electroweak gauge symmetry.
In Table II we use the result from the global fit to
b → s`` in [7] to give the corresponding bounds on the
WCs for the scenarios that can accommodate the RK
and RK∗ anomalies. The involved WCs are O(1) for
Λ ∼ 30 TeV. The result of the global fit in the scenario
(C(1,3)`q , C`d) is shown in Figure 2 as red dashed contours.
V. OPERATOR MIXING EFFECTS
A. Indirect contributions to RK and RK∗
The SMEFT WCs in the previous equations, given at
µ = µEW, can be obtained in terms of their values at the
NP scale Λ by means of the SMEFT RGEs [106–108].
Using a first leading log approximation we find
[C(1)`q (µEW)]aa23 = [C(1)`q (Λ)]aa23 −
y2t λ
sb
t
16pi2
log
(
Λ
µEW
)(
[C(1)ϕ` (Λ)]aa − [C`u(Λ)]aa33
)
,
[C(3)`q (µEW)]aa23 = [C(3)`q (Λ)]aa23 +
y2t λ
sb
t
16pi2
log
(
Λ
µEW
)(
[C(3)ϕ` (Λ)]aa
)
,
[Cqe(µEW)]23aa = [Cqe(Λ)]23aa − y
2
t λ
sb
t
16pi2
log
(
Λ
µEW
)
([Cϕe(Λ)]aa − [Ceu(Λ)]aa33) , (8)
[C`d(µEW)]aa23 = [C`d(Λ)]aa23 ,
[Ced(µEW)]aa23 = [Ced(Λ)]aa23 .
3 Here we have used the exact expressions for the observables,
without linearising in the NP coefficients.
4 See [19] for a discussion of this double ratio and similar observ-
ables within the WET.
We have made use of top dominance assumptions, this
is, we have only kept Yukawa terms including yt =√
2mt/v ∼ 1, the top quark Yukawa coupling, neglecting
other Yukawa-driven terms. We note that these expres-
sions agree very well with precise numerical calculations
6Fit from b→ s`` observables
Operator(s) × (30 TeV/Λ)2 Best fit 1σ 2σ
C(1,3)`q 0.95 [0.75, 1.14] [0.56, 1.36]
(C(1,3)`q , Cqe) (1.03, 0.80)
(
[0.89, 1.18], [0.61, 0.98]
) (
[0.74, 1.32], [0.42, 1.17]
)
(C(1,3)`q , C`d) (1.02,−0.33)
(
[0.80, 1.23], [−0.54,−0.12]) ([0.59, 1.44], [−0.75, 0.10])
(C(1,3)`q , Ced) (1.02, 0.20)
(
[0.81, 1.22], [−0.00, 0.41]) ([0.60, 1.43], [−0.21, 0.62])
TABLE II. Constraints on the SMEFT WCs obtained from the global fit to b→ s`` in terms of the WET operators from [7].
when the dominant terms are the direct (tree-level) ones,
while they may deviate slightly when the one-loop in-
duced terms dominate due to a non-negligible effect com-
ing from the running of the top Yukawa coupling. In the
following we only take them as guiding tool and obtain all
our numerical results using DsixTools [102]. We observe
that, in principle, it is possible to achieve an explana-
tion of the RK,K∗ anomalies via operator mixing effects
with a NP scale Λ ∼ 1 TeV and WCs of O(1). Specif-
ically, by generating [C`u(Λ)]2233 ∼ −1, [C(1)ϕ` (Λ)]22 ∼ 1,
or [C(3)ϕ` (Λ)]22 ∼ −1. However, we will see later that the
possibility of [C(1,3)ϕ` (Λ)]22 is ruled out by experimental
data. For the interesting scenario, [C`u(Λ)]2233, we in-
clude in Appendix B the one-loop matching corrections
at the electroweak scale and compare these to the leading
RGE contribution presented previously.
B. Complementary constraints
Starting with the exact combination of Wilson co-
efficients at the scale Λ that generate the operators
[Q
(1,3)
`q ]2223 at the EW scale and nothing else, will be
enough to explain the anomalies as discussed in the pre-
vious section, with no contributions to other very con-
strained observables. However, this requires a fine tuning
that will nevertheless be broken by loop effects.
From the list of operators generated at the EW scale,
some of them are very strongly constrained because they
contribute at tree level to observables that are very pre-
cisely measured. The most relevant observables in the
case at hand are flavour-physics tests on lepton-flavour
universality, and EW precision observables, see for in-
stance [43, 44]. These constraints will be the main poten-
tial obstacle to a coherent explanation of the anomalies
consistent with SM gauge invariance.
In this section we analyse the implications of the WCs
required to explain the anomalies in other low-energy ob-
servables. In particular we focus on the bounds from
other LFUV observables and from Electroweak Precision
Data (EWPD). We separate the discussion in two cases:
when the operators that explain the anomalies are gener-
ated at tree-level and when they are induced at one-loop.
WC (µ = Λ) RK and RK∗ Constraints
[
C(1)`q
]
2223
3 No relevant constraints[
C(3)`q
]
2223
3 No relevant constraints[
C(1)ϕ`
]
22
7 Excluded due to EWPD[
C(3)ϕ`
]
22
7 Excluded due to EWPD[
C`u
]
2233
3 No relevant constraints
TABLE III. SMEFT operators at µ = Λ that can potentially
explain the anomalies. The first two WCs contribute to RK
and RK∗ at tree-level while the last three contribute at the one-
loop level. We find that [C(1,3)ϕ` ]22 actually cannot work due to
constraints from EWPD.
I Tree-level generated operators: First we focus on
the observables that can give a direct constraint on the
operators given in Table II. As noted in Refs. [99, 109],
the operators Q
(1,3)
`q could modify the ratio R
νν
K(∗) =
Γ(B → K(∗)νν¯)/Γ(B → K(∗)νν¯)SM. Moreover, the WC
C(3)`q also affects the LFUV ratio ΓB→D(∗)µν/ΓB→D(∗)eν .
However we find that the contributions to these observ-
ables are always below the experimental sensitivity. This
result is consistent with the analysis done in Ref. [100].
We do not find any other direct constraint on these sce-
narios. Furthermore, we also consider the case where the
relevant operators explaining the anomalies are gener-
ated at the NP scale and use DsixTools [102] to obtain
the pattern of RGE-induced operators. We find that the
new WCs generated in the running are sufficiently small
to avoid the experimental constraints from EWPD and
LFUV observables.
I One-loop induced operators: We now consider the
possibility that the operators generated at the NP scale
are not among the ones that can explain the anomalies
directly. In this case the relevant contributions can still
be generated through renormalization-group effects. Due
to the loop suppression, the size of the WCs necessary to
account for the anomalies should be larger and/or the NP
7scale should be lower, yielding more interesting bounds at
low energies. In fact, requiring WCs to beO(1) or smaller
implies Λ . O(1) TeV in this case. We find that among
the three possible scenarios, the ones based on C(1,3)ϕ` are
excluded by EWPD since they induce excessively large
modifications to the W mass and/or the Z couplings.
In particular the required value of C(3)ϕ` is well beyond
the allowed value from the bound on the W mass, while
C(1)ϕ` induces a large contribution to Z → µ+µ− that is
excluded by the LEP-I measurements, and to CϕD (the
WC of QϕD = (ϕ
†Dµϕ)∗(ϕ†Dµϕ)) through the running
which is also constrained by the W mass [110, 111]. On
the other hand we find that the scenario where C`u is
obtained at the NP scale remains as a viable candidate,
with:
[C`u(Λ)]2233 ∼ −1 and Λ ∼ 1 TeV . (9)
RGE evolution down to the electroweak scale generates
in this case contributions to [Q
(1)
ϕ` ]22 together with the
four-lepton operators [Q``]22aa = (¯`2γµ`2)(¯`aγ
µ`a) and
[Q`e]22aa = (¯`2γµ`2)(e¯aγ
µea), which are found to be well
below the experimental limits [110, 111]. These findings
are summarized in Table III.
VI. SUMMARY
An increasing significance for new physics in b → s
transitions is accumulating since the first measurements
of the B → K∗µµ angular distribution by LHCb in 2013.
While most of these observables are affected by hadronic
uncertainties (although meaningful theory predictions
can and have been made), the smoking gun in this case
is lepton-flavour universality violation (LFUV), hinted
originally by the 2014 measurement of RK in one large-
recoil bin. A crucially important confirmation of such
hints have appeared just recently with the LHCb mea-
surement ofRK∗ in two large-recoil bins. The importance
of this measurement is that it is complementary to RK
in regards to New Physics.
In this paper we have analysed the implications of these
new measurements, in terms of the SMEFT. Our conclu-
sions on the required WCs at the scale µ = µEW can be
summarised as follows:
I The [C(1,3)`q ]2223 coefficients play a crucial role in the
explanation of the anomalies. All solutions (with one
or two operators) require their presence to accommodate
the LHCb measurements of RK and RK∗ .
I The coefficients [C`d]2223, [Cqe]2322 and [Ced]2223 cannot
explain the anomalies. The coefficient [C`d]2223 fails since
fixing it to get RK < 1 one finds RK∗ > 1 in the central
bin, contrary to what LHCb finds. The deviations in-
duced by the other two coefficients are not large enough
to match the measured values of RK and RK∗ .
Turning to our conclusions regarding the WCs at the
UV scale, µ = Λ, they can be summarised as:
I When the anomalies are explained with operators that
contribute to the RK,K∗ ratios at tree-level ([C(1,3)`q ]2223),
the resulting bounds are not significant. In this case the
NP scale can be as high as ∼ 30 - 50 TeV and still keep
the WCs . O(1).
I In contrast, when the anomalies are explained with
operators that contribute via RGE operator-mixing ef-
fects ([C(1,3)ϕ` ]22 and [C`u]2233), the indirect bounds turn
out to be very relevant. In fact, the coefficients [C(1,3)ϕ` ]22
cannot explain the RK,K∗ ratios since the required val-
ues are excluded by EWPD. For the [C`u]2233 coefficient
no relevant constraints were found. In this case the NP
scale must be very low once we assume [C`u]2233 ∼ O(1):
Λ . 1 TeV, making this scenario potentially testable by
other experimental means.
If confirmed, the violation of lepton flavour universal-
ity would have far-reaching consequences, implying the
existence of new physics at energies relatively close to
the TeV scale. In our analysis we have identified the cru-
cial operators that a specific NP model would have to
induce in order to be able to explain the RK,K∗ anoma-
lies. These minimal requirements can be regarded as a
general guideline for model building. In addition, when
combining these measurements with all b → s`` data a
consistent pattern arises (see Fig. 2), with the NP sce-
narios considered in this paper favoured with respect to
the SM hypothesis by around 5 standard deviations, and
with a high goodness of fit [7]. We look forward for mea-
surements of lepton-flavour universality-violating ratios
at low hadronic recoil, as well as of other ratios such as
Rφ and RXs , clean observables such as Q5, and improved
measurements with increased statistics.
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8Appendix A: Fermion mass basis
After EW symmetry breaking, the Warsaw-basis oper-
ators are rotated to the fermion mass basis by performing
unitary transformations of the fermion fields that diago-
nalise the fermion mass matrices,
uL →VuLuL , dL → VdLdL , uR → VuRuR ,
eL →VeLeL , eR → VeReR , dR → VdRdR . (A1)
In this way
mdiagψ ≡ V †ψL mψ VψR , (A2)
where
mψ =
v√
2
(
Γψ − 1
2
v2
Λ2
Cψϕ
)
, (A3)
is a diagonal and positive matrix corresponding to the
physical fermion masses. Here ψ = {u, d, e}, Γψ is the
Yukawa of the fermion ψ, and Cψϕ are the WCs of the
SMEFT operators Qψϕ =
(
ϕ†ϕ
)
Gψ that correct the SM
Yukawa operators Gψ. We note that these definitions
imply that the CKM matrix is given by V = V †uLVdL .
This leads to the following relations for the coefficients
appearing in Eq. (6) [104]:
[C˜(1)`q ]aa23 = [C(1)`q ]aamn [V †dL]2m [VdL ]n3 ,[C˜(3)`q ]aa23 = [C(3)`q ]aamn [V †dL]2m [VdL ]n3 ,[C˜qe]23aa = [Cqe]mnaa [V †dL]2m [VdL ]n3 ,
[C˜`d]aa23 = [C`d]aamn [V †dR]2m [VdR ]n3 ,[C˜ed]aa23 = [Ced]aamn [V †dR]2m [VdR ]n3 . (A4)
Throughout the paper we will assume that the WCs are
given in the weak basis where VdL = 1 and VdR,uR = 1.
Appendix B: One-loop contribution from C`u
Assuming that the operator [Q`u]2233 is generated at
the high scale Λ by the new dynamics, we can obtain the
complete one-loop result for the semileptonic WCs of the
WET CNP9,10 using the results in [104] for the matching
at the EW scale. The final result, including the leading
RGE contribution and the finite parts from the one-loop
matching at the EW scale, reads
CNP9µ '
1
s2W
v2
Λ2
xt
8
[C˜`u(Λ)]2233
[
log
(
Λ
MW
)
+ I0(xt)
]
,
(B1)
with xt = m
2
t/M
2
W , sW = sin θW and the one-loop func-
tion I0(xt) ' −0.71 obtained from [104],
I0(xt) =
xt − 7
4(1− xt) −
x2t − 2xt + 4
2(xt − 1)2 log(xt) . (B2)
In this scenario CNP10µ = −CNP9µ . The relevant WC
in the fermion mass basis is given by [C˜`u]2233 =
[C`u]22mn[V †uR ]3m[VuR ]n3. We included in (B1) the finite
parts that scale with the top-quark Yukawa coupling.
These cancel the µEW scale dependence of the leading
RGE contribution presented in Sec. V A. We find that
for matching scales µEW close to mt, the NLO correction
vanishes to a good approximation and the leading RGE
contribution dominates, see [112] for similar observations.
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